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Abstract

Background: Olfactory fossa (OF) is a depression in anterior cranial cavity whose floor is formed by cribriform plate of ethmoid. Lateral 
lamella, which forms its lateral boundary, is a thin plate of bone and is at risk of injury during functional endoscopic sinus surgery, 
especially when fossa is deep/asymmetric. Aims: To measure the variations in the depth of OF and categorize Kerala population 
as per Keros classification using computed tomography (CT). Settings and Design: This study was conducted in our institution 
from January 2016 to August 2017. Patients >16 years of age undergoing CT scan of paranasal sinuses (PNS) were included. 
Materials and Methods: Coronal PNS CT scan studies of 1200 patients were reviewed. The depth of OF was measured from vertical 
height of lateral lamella. Statistical Methods: Results were analyzed according to gender and laterality using independent sample 
t‑test and Chi‑square test. Results: The mean depth of OF was 5.26 ± 1.69 mm. Statistically significant difference was seen in the 
mean depth of OF between males and females but not between right and left sides. Keros type I was found on 420 sides (17.5%), 
type II in 1790 (74.6%), and type III on 190 sides (7.9%). Type III Keros was more on the right (9%) than left (6.8%) side, more in 
males (9.5%) than females (5.9%), and more among males on the right side (11.4%). Asymmetry in OF depth between two sides 
was seen in 75% of subjects. Conclusion: Prevalence of the dangerous type III OF, even though low, is significant especially among 
males and on the right side. Therefore, preoperative assessment of OF depth must be done to reduce iatrogenic complications.
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Introduction

In the recent years, functional endoscopic sinus surgery 
(FESS) has emerged as the common modality of treatment 
for diseases of nose and paranasal sinuses  (PNS). Even 
though there is significant reduction in the incidence of 
associated complications in FESS when compared with 
traditional approaches, it is not immune to complications.

Multiplanar imaging, especially coronal reformations, 
offers precise information regarding the anatomy of PNS 

and its variations.[1] Various factors such as asymmetry of 
ethmoidal fovea, olfactory fossa (OF), anatomical variations 
in lateral lamella, and course of anterior ethmoid artery 
are critical in FESS as they may predispose to iatrogenic 
damages. Therefore, preoperative evaluation by computed 
tomography (CT) is mandatory before FESS.[2]

The OF is a depression in the anterior cranial cavity whose 
floor is formed by the cribriform plate of ethmoid. This 
delicate bony plate separates the anterior cranial fossa 
from the nasal cavity. OF is bounded laterally by the lateral 
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lamella of cribriform plate and medially by crista galli.[3] It 
contains the olfactory bulbs and tracts. The lateral lamella 
is the thinnest bone in the anterior skull base. It is dehiscent 
in up to 14% of patients.[4]

The levels of the ethmoid roof/fovea ethmoidalis and 
cribriform plate may differ even in the same person 
depending on the vertical extent of the lateral lamella. 
The relationship between the OF and the ethmoid roof 
was studied by Keros in 450 skulls in 1962. He created 
a three‑category classification system for depth of the 
OF in relation to the ethmoid roof. The depth of OF is 
measured by the vertical height of the lateral lamella of 
the cribriform plate (LLCP), that is, the difference between 
the height of the cribriform plate and ethmoid roof.[5‑7] 

In Keros type  I, depth is 1–3 mm, type II 4–7 mm, and 
type III 8–16 mm.

In Keros type I, the OF is flat. The ethmoid roof is almost in 
the same plane as the cribriform plate. In type II relationship, 
the lateral lamella is higher and the OF is deeper than type I. 
In type III, lateral lamella is higher with a deeper OF. The 
ethmoid roof lies significantly above the level of cribriform 
plate[1,8]  [Figures  1-3]. Type  III relationship is the most 
dangerous type for endoscopic sinus surgeries. Therefore, 
Keros type III is called dangerous ethmoid.[3,9] There is high 
chance of penetration through the LLCP. Asymmetry in 
the OF depth or the height of ethmoidal roof [Figure 4] is 
also associated with higher risk of intracranial penetration 
during surgeries such as FESS.[8,10] Iatrogenic injury can lead 
to various complications including ascending meningitis, 
intracranial hypotension from cerebrospinal fluid leak, 
meningocele, or meningoencephalocele.[11] Therefore, 
preoperative evaluation of OF depth is of paramount 
importance in a successful FESS.

After Keros, many studies have been conducted on ethmoid 
roof and OF based on Keros classification among various 
populations. The ethmoid roof configuration varies between 
different racial populations. There exists scarcity of data 
regarding analysis of OF in the Indian context. Our study 
aims to measure the variations in the CT depth of OF among 
population of Kerala (southernmost state in India) using 
Keros classification.

Materials and Methods

The study was conducted in our institution after getting 
clearance from Research and Human Ethical Committee. 
Patients above 16 years of age, who were referred by various 
clinical specialties for undergoing noncontrast CT of the 
PNS from January 2016 to August 2017, were evaluated 
in the study. All patients with previous history of nasal or 
paranasal trauma, surgeries, congenital anomalies of face, 
sinonasal polyposis, tumors, or conditions involving bone 
destruction were excluded.

All the CT images were acquired in a helical Hi‑Speed 
tomograph  (GE HiSpeed NX/i Pro Dual Slice). Images 
were acquired perpendicularly to the hard palate, from the 
anterior margin of the frontal sinus to the anterior margin of 
the clivus, with the patient in prone position. The technical 
parameters adopted in the acquisition of tomographic 

Figure  1: Coronal CT demonstrating type  I Keros classification. 
Olfactory fossae are not very deep. Ethmoid roofs are almost in the 
same plane as the cribriform plate

Figure  2: Coronal CT demonstrating type  II Keros classification. 
Olfactory fossae are deeper and the lateral lamellae are longer than 
in type I

Figure 3: Coronal CT demonstrating type III Keros classification. Here 
the olfactory fossae are very deep compared with types I and II
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images include 120‑kV tube voltage, 160 effective mAs, 
1 s rotation time, section thickness of 4 mm, and a field of 
view of 15 cm.

The CT images were analyzed using HP Workstation 
xw8200 having Linux operating system 2.6.15‑2.5 
(GEHC/CTT Linux 5.2.10). Only coronal sections were used 
in the study. The images were studied in the bone window.

The following anatomical structures/points were identified 
and used for measuring OF depth:
1.	 Cribriform plate
2.	 LLCP
3.	 Medial ethmoidal roof point  (medial end of ethmoid 

roof articulating with LLCP).

Horizontal lines were drawn along the cribriform plate 
and at the medial ethmoid roof point. The vertical height of 
lateral lamella was measured between these two horizontal 
lines using the distance‑measuring tool. The vertical height 
of lateral lamella corresponds to the depth of OF. The 
heights of both right and left lateral lamella were recorded 
separately. OF depth of 1–3.9 mm was categorized as Keros 
type I, 4–7.9 mm as type II, and ≥8 mm as type III.

Images of all the patients were coanalyzed by the first 
(junior resident in radiology) and second  (radiologist 
with 35 years of experience in image data processing and 
analysis) authors. Interobserver agreement was obtained 
for measurements in each patient.

Statistical analyses were done using IBM SPSS Statistics 
Ver 20.0.[12] The results were grouped according to Keros 
classification and their distributions were analyzed 
according to gender and laterality. The statistical significance 
was set to P < 0.05.

Results

PNS CT scans of 1200 subjects were included in the study. 
Among 1200 subjects, 669 were males (55.8%) and 531 were 
females  (44.3%). The youngest subject was 17  years and 
the eldest was of 86 years of age. The mean age [±standard 
deviation (SD)] of the study group was 36.76 (±13.82) years.

The depth of OF ranged from 1 to 14 mm. The mean depth 
of the total 2400 OF studied was 5.26 mm with an SD of 
1.69. The mean depth of OF on the right side was 5.27 mm 
with an SD of 1.72 and the mean depth on the left side was 
5.25 mm with an SD of 1.65. Using independent sample 
t‑test, P value was 0.479; no significant difference was seen 
between the mean depth of OF on both sides. The mean 
depth of OF in males (including both sides) was 5.33 mm 
with an SD of 1.73 and that in females was 5.17 mm with an 
SD of 1.62. Using independent sample t‑test, P value was 
0.022. Statistically significant difference was present in the 
mean depth of OF between males and females [Table 1].

Among the total 2400 sides, Keros type  I was seen in 
420  (17.5%), type  II in 1790  (74.6%), and type  III in 190 
sides (7.9%). On the right side, 212 (17.7%) OF were Keros 
type I, 880 (73.3%) were type II, and 108 (9%) were type III. 
On the left side, 208 (17.3%) OF were Keros type I, 910 (75.8%) 
were type II, and 82 (6.8%) were type III [Table 2].

Among males, OF was Keros type  I among 113 
subjects  (16.9%), type  II among 480  (71.7%), and type  III 
among 76 (11.4%) on the right side. Among females, OF was 
type I among 99 (18.6%), type II among 400 (75.3%), and 
type III among 32 (6%) on the right side. Using Chi‑square 
test, P  value was 0.006  (<0.05). So there was significant 
association between sex and Keros type on the right side. OF 
was Keros type I in 110 (16.4%), type II in 508 (75.9%), and 
type III in 51 (7.6%) males on the left side. Similarly, among 
females on the left side, OF was Keros type I in 98 (18.5%), 

Table 1: Distribution of OF depth

OF depth 
total

OF depth 
right

OF depth 
left

OF depth 
male

Of depth 
female

Mean 5.26 5.27 5.25 5.33 5.17

n 2400 1200 1200 1338 1062

Standard 
Deviation

1.69 1.72 1.65 1.73 1.62

Table 2: Distribution of OF according to the side and Keros 
classification

Keros type Right Left Total

n Percentage n Percentage n Percentage
Type I 212 17.7 208 17.3 420 17.5

Type II 880 73.3 910 75.8 1790 74.6

Type III 108 9.0 82 6.8 190 7.9

Total 1200 100 1200 100 2400 100

Figure 4: Coronal CT scan showing asymmetry in the depth of OF 
on either sides. Difference of >2 mm is seen in the OF depth between 
two sides. Both sides have different Keros type OF (type III on right 
and type I on left side)
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type II in 402 (75.7%), and type III in 31 (5.8%) females. Using 
Chi‑square test, P value was 0.354 (>0.05), and therefore, no 
significant association between sex and Keros type on the 
left side. Among males (after including OF on both sides), 
223 (16.7%) OF were Keros type I, 988 (73.8%) type II, and 
127 (9.5%) type III. Similarly among females, 197 (18.5%) 
OF were Keros type I, 802 (75.5%) type II, and 63 (5.9%) 
type III. Using Chi‑square test, P value was 0.004 (<0.05). 
So there was significant association between sex and Keros 
type [Table 3].

In our study, asymmetry was defined as having a difference 
of  ≥0.1  mm in the depth of OF between the two sides. 
Among 1200 subjects studied, 900 (75%) show asymmetry 
between the right and left sides, and in 300 subjects (25%), 
symmetry was observed. Among the total 669 males, OF was 
symmetric on both sides in 162 (24.2%) and asymmetric in 
507 (75.8%). Among 531 females, 138 (26%) and 393 (74%) 
were having symmetric and asymmetric OF, respectively. 
Using Chi‑square test, P  value was 0.481  (>0.05). No 
significant association exists between sex and distribution 
of symmetric and asymmetric OF on either sides [Table 4].

Among 900 subjects with asymmetry in the OF depth 
between the right and left sides, 581 subjects (64.6%) had a 
difference of ≤1 mm between two sides, 228 subjects (25.3%) 
a difference of 1–2 mm, and 91 subjects (10.1%) a difference 
of >2 mm. Among 507 males with asymmetry in OF depth 
between two sides, 327 (64.5%) had a difference of ≤1 mm, 
124 (24.5%) a difference of 1–2 mm, and 56 (11%) a difference 
of >2 mm. Among 393 females with asymmetry, 254 (64.6%) 
had a difference of  ≤1  mm, 104  (26.5%) a difference of 
1–2 mm, and 35 (8.9%) a difference of >2 mm between two 
sides. Using Chi‑square test, P  value was 0.508  (>0.05). 
No significant association was found between sex and 
asymmetry [Table 5].

Among 900 subjects with asymmetry, 462 (51.3%) had deeper 
OF (i.e., fovea at higher level) on the right side and 438 (48.7%) 
subjects had deeper OF on the left side. Among 507 males 
with asymmetry in OF depth on both sides, 264  (52.1%) 
males had deeper fossa on the right side and 243 (47.9%) 
on the left side. Among 303  females with asymmetry in 
OF depth, 198 (50.4%) females had deeper OF on the right 
side and 195 (49.6%) on the left side. Using Chi‑square test, 
P value was 0.615 (>0.05); no significant association exists 
between sex and side with deeper OF [Table 6].

Among 1200 subjects, 940 subjects  (78.3%) showed same 
Keros type and 260 subjects (21.7%) showed different Keros 
type on both sides. Among 669  males, 525  (78.5%) had 
same Keros type and 144 (21.5%) had different Keros type 
on both sides. Among 531 females, 415 (78.3%) had same 
Keros type and 116 (21.8%) had different Keros type on both 
sides. Using Chi‑square test, P value was 0.893 (>0.05). No 
significant association was there between sex and type of 
Keros on both sides [Table 7].

Discussion

There is paucity of in‑depth studies regarding OF 
analysis in the Indian scenario, barring a few which are 
mentioned below. Previously, Salroo et al.[13] (200 subjects), 
Pawar et al.[14] (200 subjects), Satish Nair[15] (180 subjects), Ali 
et al.[16] (75 subjects), Gupta et al.[17] (100 subjects), and Jacob 
et al.[3] (32 cadaveric skulls) had done OF analysis among 
Indian population from various states, but the sample sizes 
were limited and asymmetry analysis was incomplete in 
most. In our study, we have tried to focus on the distribution 
of Keros types and various asymmetry parameters in detail 
and is more comprehensive than the previous Indian 
studies. In addition, this study is more extensive compared 
with the previous ones, providing a large data on the Indian 
population (evaluated 1200 subjects; total 2400 OF).

In this study, type  II OF was the most frequent  (74.6%). 
Type I was seen in 17.5% and type III in 7.9% [Table 2]. In 
the previous Indian studies too, type II OF was the most 
prevalent followed by types I and III. Comparison to other 
Indian studies is shown in Table 8. Similar studies were 
carried out in various parts of the world analyzing the 
ethmoid roof and OF according to Keros classification. 
There exists diversity in the distribution of configuration 
among different racial populations across the world and is 
shown in Table 9.

Statistically significant association was seen between 
sex and Keros type in our study especially on the right 
side. The dangerous type III Keros was seen more on the 
right (9%) than the left (6.8%) side, more in males (9.5%) 
than females (5.9%), and even more among males on the 
right side (11.4%) [Tables 2 and 3]. But in the study by Salroo 
et al., no statistically significant difference was observed in 
the distribution of Keros classification between males and 
females.[13]

Table 3: Distribution of OF based on Keros classification according to their sides and sex

Keros Type Right (n (%)) Left (n(%)) Total (n (%))

Male Female Male Female Male Female Overall
TypeI 113 (16.9%) 99 (18.6%) 110 (16.4%) 98 (18.5%) 223 (16.7%) 197 (18.5%) 420 (17.5%)

Type II 480 (71.7%) 400 (75.3%) 508 (75.9%) 402 (75.7%) 988 (73.8%) 802 (75.5%) 1790 (74.6%)

Type III 76 (11.4%) 32 (6%) 51 (7.6%) 31 (5.8%) 127 (9.5%) 63 (5.9%) 190 (7.9%)

Total 669 (100%) 531 (100%) 669 (100%) 531 (100%) 1338 (100%) 1062 (100%) 2400 (100%)
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The mean depth of OF in our study was 5.26 mm. The mean 
depth in the studies by Jacob et al. and Salroo et al. was 5.08 
and 4.9 mm, respectively.[3,13] Analysis of OF depth with 
respect to gender showed statistically significant difference 
in our study with males and females having a mean depth 
of 5.33 and 5.17 mm, respectively [Table 1]. Similarly, Salroo 
et al. also observed significant difference in the OF depth 
between males and females.[13]

No significant difference was seen in the mean depth of OF 
between right and left sides in this study. Jacob et al. also 
observed no significant difference in OF depth between 
the sides.[3] Conversely, the study by Salroo et al. showed 
significant difference between the sides.[13] A study by Pawar 
et al. also showed statistically significant difference in OF 
depth between the right and left sides but only in males.[14]

In contrast to other Indian studies, various parameters of 
asymmetry were analyzed in detail in this study, but no 
significant association was seen between sex and any of these. 
In this study, 75% of the subjects showed asymmetry in the 
OF depth on either sides and its prevalence was almost similar 
in males (75.8%) and females (74%) [Table 4]. In the studies 
by Satish Nair and Ali et al., 11.7% and 14.6% of patients, 
respectively, had asymmetry.[15,16] High rate of asymmetry 
noted in our study population may be attributed to the 
precise measurement of OF depth and the more stringent 

definition of asymmetry compared with other studies. But 
a majority (64.6%) only had a difference of ≤1 mm and only 
10.1% had >2 mm difference between two sides [Table 5].

Among the subjects with asymmetry in our study, 51.3% 
had deeper OF on the right side and 48.7% on the left 
side [Table 6]. In the study by Pawar et al. also, right‑sided 
OF was deeper than the left in males.[14] But in the studies 
by Jacob et al. and Salroo et al., OF was shallower on the 
right side.[3,13] In the study by Satish Nair, 71.4% showed low 
fovea on the right and 28.6% on the left side.[15] Similarly, 
Ali et al. observed asymmetry with 63.6% having low fovea 
on the right side and 36.4% on the left side.[16]

In this study, 260 subjects (21.7%) showed different Keros 
type of OF on either sides  [Table 7]. But in the study by 
Pawar et al., asymmetry in the form of different Keros type 
was found only in 11.5% of patients.[14] In the study by Jacob 
et al. in cadaveric skulls, significant difference was seen in the 
distribution of Keros types between the right and left sides.[3]

Conclusion

Keros classification provides an objective assessment of 
anterior skull base anatomy and helps guide the surgeon 

Table 4: Distribution of symmetric and asymmetric OF on either 
sides according to sex

Symmetric Asymmetric Total

n Percentage n Percentage n Percentage
Male 162 24.2 507 75.8 669 100

Female 138 26 393 74 531 100

Total 300 25 900 75 1200 100

Table 5: Distribution of asymmetry according to sex

Asymmetry

Diff ≤1mm Diff 1‑2mm Diff >2mm Total

n Percentage n Percentage n Percentage n
Male 327 64.5 124 24.5 56 11 507

Female 254 64.6 104 26.5 35 8.9 393

Total 581 64.6 228 25.3 91 10.1 900

Table 6: Distribution of asymmetry according to side with deeper 
OF and sex

Asymmetry Total

Side in which olfactory fossa is deeper

Right side Left side

n Percentage n Percentage
Male 264 52.1 243 47.9 507

Female 198 50.4 195 49.6 303

Total 462 51.3 438 48.7 900

Table 7: Distribution of subjects with same and different Keros 
types on either sides according to sex

Keros type on both sides Total

Same Different

n Percentage n Percentage
Male 525 78.5 144 21.5 669

Female 415 78.2 116 21.8 531

Total 940 78.3 260 21.7 1200

Table 8: Comparison of the Keros classification with other Indian 
studies

Keros Our 
study

Salroo 
et al

Pawar 
et al

Satish 
Nair

Ali et al Gupta 
et al

Jacob 
et al

Type I 17.5% 29% 18.5% 17.2% 20% 39% 23.44%

Type II 74.6% 61% 74.5% 77.2% 78.7% 59% 70.8%

Type III 7.9%. 10% 7% 5.6% 1.3% 2% 5.73%

Table 9: Comparison of the Keros classification among different 
racial populations

Type I Type II Type III
India - our study 17.5% 74.6% 7.9%

Germany - Keros[6] 12% 70% 18%

USA - Solares et al.[18] 83% 15% 2%

UK ‑ Gauba et al.[19] 34.4% 28.1% 37.5%

Australia - Floreani et al.[20] 23% 50% 27%

Brazil - Souza et al.[21] 26.3% 73.3% 0.5%

Philippines - Justin Elfred et al.[9] 81.6% 17.9% 0.5%

Thailand - Nitinavakarn et al.[22] 11.9% 68.8% 19.3%
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during FESS to improve the safety profile of the procedure. 
It will help in anticipating the complications that may be 
encountered during surgery. The surgical approach can thus 
be carefully planned and the expected complications can be 
prevented. The most prevalent type of OF among our study 
population was Keros type II. Even though the prevalence 
of the dangerous type III OF was low, it was more among 
males and on the right side, and hence more susceptible to 
iatrogenic   injury. Therefore, preoperative assessment of 
OF depth must be done mandatorily to reduce operative 
complications.
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